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Description 

BACKGROUND OF THE INVENTION 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] The present application claims priority from 
United States Provisional Patent Application Serial No. 
60/304,325, filed July 10, 2001. 

1 . Field of the Invention 

[0002] The present invention relates to a sample 
chuck or work piece for holding essentially flat samples, 
such as semiconductor wafers. 

2. Background Art 

[0003] Sample chucks have flat surfaces for receiving 
and holding samples, often semiconductorwafers, with- 
in equipment for processing or measurement purposes. 
Sample chucks are, for example, an integral component 
in measurement systems utilized to process semicon- 
ductor wafers. They are also used in products and in 
other equipment, such as photolithographic tools. 
[0004] Sample chucks may perform a mechanical 
function, such as precisely holding a sample, or they 
may be used to move a sample, or they may be used to 
make controlled electrical contact to a sample. Occa- 
sionally, a chuck may be called upon to perform multiple 
functions. 

[0005] Currently, sample chucks are constructed of 
ceramic materials, machined metals or semiconductor 
slabs. When formed from ceramic materials, sample 
chucks can be made having good flatness. However, 
sample chucks formed from ceramic materials form 
poor contact with a sample and such chucks have po- 
tential weight problems. When formed from machined 
metals, sample chucks have acceptable flatness and 
form good contact with samples. However, sample 
chucks formed from machined metals are susceptible 
to imparting contaminants to a sample, especially a 
sample semiconductor wafer. When formed from semi- 
conductor slabs, sample chucks can be made having 
good flatness and minimal contaminants. However, 
sample chucks formed from semiconductor slabs are 
expensive to produce due to the requirement for a large 
slab of uniform material and the limitation on machining 
complex structures. 

[0006] There is presently a need for a sample chuck 
which combines the best features of the chucks formed 
from ceramic materials, machined metals and semicon- 
ductorslabs, without having their respective drawbacks. 
[0007] It is, therefore, an object of the present inven- 
tion to provide a sample chuck where the parameters of 
flatness, contact formation, low weight and minimal or 
no contaminants are optimized at reasonable cost, es- 
pecially for receiving all or part of a semiconductor wa- 



fer. Still other objects of the invention will become ap- 
parent to those of ordinary skill in the art upon reading 
and understanding the following detailed description. 

5 SUMMARY OF THE INVENTION 

[0008] Accordingly, we have invented a sample chuck 
for supporting sample semiconductor wafers during 
test. The sample chuck includes an upper layer formed 
from a semiconducting material laminated to a lower lay- 
er formed from a conducting material. A conductive 
bonding agent can be received between the upper and 
lower layers for forming a bond therebetween. 
[0009] A surface of the lower layer that faces a surface 
of the upper layer when the upper and lower layers are 
laminated together can include at least one depression 
for receiving the bonding agent. Alternatively or addi- 
tionally, a surface of the upper layer that faces a surface 
of the lower layer when the upper and lower layers are 
laminated together can include at least one depression 
for receiving the bonding agent. 

[0010] The lower layer can include a vacuum path 
having a first end in fluid communication with a through- 
hole in the upper layer and a second end in fluid com- 
munication with a vacuum duct. The through-hole ex- 
tends through the upper layer between the vacuum path 
and an exposed surface of the upper layer. The vacuum 
duct extends through the lower layer between the vac- 
uum path and an exposed surface of the lower layer. 
[001 1] Preferably, the upper layer is a semiconductor 
wafer and the lower layer is a conductive metal that may 
or may not be contaminating to semiconductor wafers. 
Preferably, the surface of the upper layer that faces 
away from the lower layer is substantially planar. 
[0012] A surface of the upper layer facing the lower 
layer can be metalized and/or doped with impurities for 
enhancing a conductivity of the upper layer and/or the 
bond between the upper layer and the lower layer. 

BRIEF DESCRIPTION OFTHE DRAWING 

[001 3] The drawing is a cross sectional view of a sem- 
iconductor wafer undertest over an exploded cross-sec- 
tion of a sample chuck in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] With reference to Fig. 1 , a sample chuck 2 in 
accordance with the present invention is a laminated 
structure having a lower layer 4 and an upper layer 6 
laminated to a top surface 8 of lower layer 4. 
[0015] Lower layer 4 is formed from an electrically 
conductive material, such as aluminum, which provides 
low mass and weight, acceptable structural rigidity, and 
ease of manufacturing. One or more vacuum paths 10 
may be formed in top surface 8 for connection to a vac- 
uum source 9 via a vacuum duct 12, shown in phantom, 
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which interconnects one or more vacuum paths 10, 
shown in phantom, to vacuum source 9. Vacuum source 
9, vacuum paths 10 and vacuum duct 12 coact to dis- 
tribute a vacuum to top surface 8 which can be utilized 
to secure a semiconductor wafer under test 1 3 to sam- 
ple chuck 2. 

[001 6] The conductive material forming lower layer 4 
is selected to provide a high quality electrical contact for 
uniformly distributing electrical current during electrical 
measurement or other electrical operations, e.g., elec- 
trical stressing. Top surface 8 of lower layer 4 is made 
planar by conventional techniques, such as milling or 
grinding. Since top surface 8 of lower layer 4 will not be 
in direct contact with sem iconductor wafer undertest 13, 
top surface 8 need not be as planar as a top surface of 
a sample chuck intended to directly contact semicon- 
ductor wafer undertest 13. 

[0017] Top surface 8 includes one or more depres- 
sions 14, such as grooves, rings, bores, and the like. 
Each depression 14 is filled with a bonding agent 16, 
such as an adhesive, a solder, a conductive adhesive, 
and the like. Bonding agent 1 6 is selected so that when 
received in depressions 14, bonding agent 16 extends 
above top surface 8 of lower layer 4, but does not flow 
under its own weight. Alternatively or additionally, in- 
stead of depressions 14 in top surface 8 of lower layer 
4, depressions 14' can be formed in a back surface 20 
of upper layer 6 for receiving bonding agent 16. 
[0018] When samplechuck2 is to hold semiconductor 
wafer undertest 13, upper layer 6 is preferably a semi- 
conductor wafer which has its electrical properties opti- 
mized to enhance electrical contact with semiconductor 
wafer under test 13. A top surface 18 of upper layer 6 
can be formed to have a desired degree of planarity uti- 
lizing semiconductor wafer processing techniques 
known in the art. 

[001 9] Upper layer 6 preferably has through-holes 22, 
shown in phantom, formed therein by conventional sem- 
iconductor wafer processing techniques, such as ion 
milling. Preferably, the size and location of through- 
holes 22 is selected so that when upper layer 6 and low- 
er layer 4 are laminated together, each through-hole 22 
of upper layer 6 is in registry or fluid communication with 
a vacuum path 1 0 in lower layer 4. Other through-holes 
(not shown) may be formed in upper layer 6 for other 
purposes, such as for receiving a lifter pin which is uti- 
lized to separate the sample semiconductor wafer from 
top surface 18 of upper layer 6. 
[0020] Back surface 20 of upper layer 6 can be met- 
alized and/or doped with impurities to enhance its con- 
ductive and/or adhesive properties. Backsurface20can 
be metalized by sputtering or vacuum deposition tech- 
niques known in the art of sem iconductor wafer process- 
ing. Back surface 20 can also be doped with impurities 
by ion implantation. 

[0021] Sample chuck 2 is formed by laminating upper 
layer 6 and lower layer 4 together. More specifically, 
bonding agent 1 6 is received in depressions 1 4 of lower 



layer 4 and/or depressions 14' of upper layer 6. There- 
after, back surface 20 of upper layer 6 and top surface 
8 of lower layer 4 are moved together such that bonding 
agent 1 6 flows between back surface 20 and top surface 

5 8 to form a permanent or semi-permanent bond be- 
tween upper layer 6 and lower layer 4. Preferably, the 
volume of bonding agent 1 6 utilized is selected to avoid 
bonding agent 1 6 from flowing into through-holes 22 or 
vacuum paths 10 when upper layer 6 and lower layer 4 

10 are laminated together. 

[0022] Depending on the bonding agent 16 utilized, 
further processing of sample chuck 2 may be required. 
For example, if tin-indium solder is used as bonding 
agent 16, once back surface 20 is received on top sur- 

15 face 8 with through-holes 22 and vacuum paths 10 
aligned, sample chuck 2 is heated sufficiently to cause 
the solder to melt and wet back surface 20 of upper layer 
6 thereby forming a semi-permanent attachment be- 
tween upper layer 6 and lower layer 4. 

20 [0023] The present invention permits optimization of 
lower layer 4 to balance rigidity, weight and conductivity. 
More specifically, it enables the material forming lower 
layer 4 to be selected based on a compromise between 
a high level of conductivity for electrical performance 

25 and low mass for high speed motion. Since lower layer 
4 is not in contact with the sample semiconductor wafer, 
the conductive material forming lower layer 4 can be se- 
lected from a wider range of material choices, some of 
which, heretofore, were undesirable for use with a sam- 

30 pie chuck utilized to hold semiconductor wafers under 
test 1 3. Since upper layer 6 and lower layer 4 are lami- 
nated together, top surface 8 of lower layer 4 need not 
meet the rigid flatness requirements required of the top 
surfaces of prior art sample chucks. This allows more 

35 flexibility in the design of lower layer 4, more flexibility 
in the choice of materials forming lower layer 4, and, 
possibly, lower cost. 

[0024] The use of a semiconductor wafer for upper 
layer 6 inherently provides a very flattop surface 18 and 

40 eliminates contamination of semiconductor wafers un- 
der test 13 from the conductive material forming lower 
layer 4. It is to be appreciated that forming sample chuck 
2 from semiconducting material alone is not desirable 
due to the cost and increase mass of such solution. Ad- 

45 ditionally, forming sample chuck 2 from semiconductor 
material does not optimize the electrical conductivity of 
sample chuck 2. However, laminating upper layer 6 
formed from a semiconductor wafer to lower layer 4 
formed from a conductive material combines the best 

50 features of both materials. 

[0025] The invention has been described with refer- 
ence to the preferred embodiment. Obvious combina- 
tions and alterations will occur to others upon reading 
and understanding the preceding detailed description. 

55 it is intended that the invention be construed as includ- 
ing all such modifications and alterations insofar as they 
come within the scope of the appended claims or the 
equivalents thereof. 



3 



5 



EP 1 276 145 A2 



6 



Claims 

1. A sample chuckfor supporting sample semiconduc- 
tor wafers during testing . the sample chuck com- 
prising an upper layer formed from a semiconduct- 
ing material laminated to a lower layer formed from 
a conducting material. 

2. The sample chuck as set forth in claim 1, further 
including a conductive bonding agent received be- 
tween the upper and lower layers and forming a 
bond therebetween. 

3. The sample chuck as set forth in claim 2, wherein 
a surface of the lower layer that faces a surface of 
the upper layer when the upper and lower layers are 
laminated together includes at least one depression 
for receiving the bonding agent. 

4. The sample chuck as set forth in claim 2, wherein 
a surface of the upper layer that faces a surface of 
the lower layer when the upper and lower layers are 
laminated together includes at least one depression 
for receiving the bonding agent. 

5. The sample chuck as set forth in claim 1 , wherein; 

the lower layer has a vacuum path having a first 
end in fluid communication with a through-hole 
in the upper layer and a second end in fluid 
communication with a vacuum duct; 
the through-hole extends through the upper 
layer between the vacuum path and an ex- 
posed surface of the upper layer; and 
the vacuum duct extends through the lower lay- 
er between the vacuum path and an exposed 
surface of the lower layer. 

6. The sample chuck as set forth in claim 1 , wherein 
the upper layer is a semiconductor wafer and the 
lower layer is a conductive metal. 

7. The sample chuck as set forth in claim 6, wherein 
the conductive metal is contaminating to semicon- 
ductor wafers. 

8. The sample chuck as set forth in claim 1 , wherein 
the surface of the upper layer that faces away from 
the lower layer is substantially planar. 

9. The sample chuck as set forth in claim 1 , wherein 
a surface of the upper layer facing the lower layer 
is doped with impurities for enhancing (i) a conduc- 
tivity of the upper layer and/or (ii) the bond between 
the upper layer and the lower layer. 

10. The sample chuck as set forth in claim 1 , wherein 
a surface of the upper layer facing the lower layer 



is metalized for enhancing (i) a conductivity of the 
upper layer and/or (ii) the bond between the upper 
layer and the lower layer. 
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